Objective -To assess the effects of carvedilol in patients with idiopathic dilated cardiomyopathy.
1
. Of these drugs, only the ACE inhibitors reduce mortality [2] [3] [4] . Despite the clear benefits of the betaadrenergic blockade in patients with ventricular dysfunction 5 , a reduction in the risk of death in the treatment of heart failure was only demonstrated with the use of carvedilol 6 , which is a nonselective third-generation beta-blocker and a vasodilator due to the alpha-1-adrenergic blockade with an antioxidant activity, and also an inhibitor of apoptosis 7, 8 . The present study was carried out to assess the tolerance and efficacy of the addition of carvedilol to the conventional therapy (digitalis, diuretic, ACE inhibitors or vasodilators and nitrates) of patients with severe heart failure, who, in our experience, are younger 9 . This conventional therapy has been described in former published studies 10 .
Methods
Fifty-three patients undergoing ambulatory assessment for heart transplantation selection were invited to take part in the study.
The criteria of inclusion in the study were the following: heart failure due to idiopathic dilated cardiomyopathy, functional class II or III according to the New York Heart Association classification, and the patient should be undergoing clinical follow-up and regularly using medication. The patients should also have a sinus rhythm on resting ECG, a left ventricular ejection fraction <35% in the radionuclide ventriculography, and should have a thoracic conformation allowing an appropriate echocardiographic window to obtain images to measure the diameters of the cardiac chambers.
The exclusion criteria were the following: abusive use * Dilatrend ® -Asta Médica of alcohol; systemic blood pressure during systole <85mm-Hg or >160mmHg and during diastole >100mmHg; heart rate < 60 bpm; previous use of beta-blockers for the treatment of heart failure; second degree atrioventricular block of Mobitz type II or total atrioventricular block; evidence of bronchospasm on physical examination or possibility of ongoing pregnancy. At the beginning of the study, 53 patients were invited to take part ( fig. 1 ). Thirteen patients refused to participate in the assessment, and 10 were excluded (5 had inappropriate echocardiographic windows, 2 had atrial fibrillation on electrocardiogram, one had a primary valvular heart disease, one died during the initial phase, and one became pregnant). From the 30 patients (7 females and 23 males), 20 were randomly distributed for the use of carvedilol and 10 for placebo. The profile of the population in the two groups in the pretreatment phase is shown in table I.
All patients were instructed about the study protocol and their participation in the study. After giving consent, each patient was randomly included in the double-blind placebo-controlled study. The study protocol was assessed and approved by the Ethics Committee of the hospital.
In the pretreatment phase, the patients underwent a clinical visit, a resting ECG, radionuclide ventriculography, an echocardiogram, measurement of serum dosage of catecholamines, a hemogram, measurement of serum dosage of urea, creatinine, glucose, sodium and potassium, and an analysis of the urinary sediment.
The addition of carvedilol (*Dilatrend ® -Asta Médica) or placebo was initiated at a dosage of 6.25mg twice a day, increased weekly to 12.5mg and 25mg twice a day, and later to 25mg three times a day, according to the patient's tolerance and adherence to treatment. We tried to reach a dosage of 75mg/ day, which is higher than the recommended 50mg/day 11 , due to the patient's clear improvement with the use of carvedilol 12 . After reaching the desired or tolerated maximum dosage, the patient was reassessed at a monthly medical visit or in a shorter period of time, according to clinical need. The complementary tests were repeated after 2 and 6 months of medication use.
Quantitative variables were presented in a descriptive way in tables containing the mean, the standard deviation, and the minimum and maximum values. Those variables assessed in more than one condition (∆t 0 , ∆t 1 and ∆t 2 ) were studied according to the multivariate technique of profile analysis. This technique aims to simultaneously analyze the group and assessment condition variables, and their combined (interaction) and isolated effects.
The three basic hypotheses to be tested in the profile analysis are as follows: H 01 : the profiles of the means of the groups studied are parallel to each other, i. e., no relation between the group factor and the assessment condition factor occurs; H 02 : the profiles of the means of the studied groups coincide, i. e., no effect of the group factor occurs; H 03 : the profiles of the means of the studied groups are parallel to the X-axis, i.e., no effect of the assessment condition factor occurs. Values of p<0.05 were considered statistically significant 13 .
Results
Eight patients were excluded from the study due to the following reasons: two patients due to intolerance of the medication, one to carvedilol and the other to placebo; four patients on carvedilol due to poor adherence to the clinical follow-up; one patient using placebo suddenly died during the phase of medication dosage increase; and one patient using placebo was excluded due to a change in therapeutical regimen.
In regard to the dosage of medication of those patients who continued to be followed up, only 2 patients on carvedilol did not tolerate a dosage higher than 50mg/day. The remaining patients were kept on 75mg/day.
In regard to the evolution of the heart failure functional class ( fig. 2 ) according to the New York Heart Association classification, among those patients using placebo, 5 remained in functional class II during the whole period of the study, one patient improved evolving from functional class III to functional class II, and another from functional class II to I. Among those patients using carvedilol, 4 remained in functional class II during the whole study, 4 patients improved, going from functional class III to II and 7 patients from functional class II to I. 3 -Comparison of the evolution in heart rate on resting electrocardiogram between the groups using carvedilol or placebo in the pretreatment phase (pre), after 2 months using the medication (>2 months), and after 6 months using the medication (>6 months). Fig. 4 -Comparison of the evolution in left ventricular diastolic diameter on echocardiogram between the groups using carvedilol or placebo in the pretreatment phase (pre), after 2 months of medication use (>2 months), and after 6 months of medication use (>6 months). In regard to heart rate ( fig. 3) , a reduction in the mean occurred among those patients using carvedilol, from 83-bpm to 61bpm after two months of drug use, and in 6 months it remained at 63bpm. On the contrary, patients in the placebo group retained an unaltered heart rate around 80-bpm during the study period (p=0.016).
Regarding left ventricular diameters during systole ( fig. 4 ) and diastole ( fig. 5 ) on echocardiogram, no significant alteration in the means of the groups during the study occurred. However, an improvement in the mean of the left ventricular shortening fraction occurred ( fig. 6 ) in the group on carvedilol, from 13.3% to 15.2% in 2 months and to 16% after 6 months of drug use. Among the patients using placebo, a drop from 14.7% to around 13.6% was observed during the study (p=0.0235).
In regard to left ventricular ejection fraction on radionuclide ventriculography ( fig. 7) , an improvement in the mean of the group on carvedilol occurred, from 21.3% to 27.3% in 2 months of drug use and 28.3% after 6 months. In pre > 6 months > 2 months pre > 6 months > 2 months pre > 6 months > 2 months pre > 6 months > 2 months pre > 6 months > 2 months Fig. 2 -Distribution of the evolution in functional class for heart failure in the groups using placebo or carvedilol, in the pretreatment phase and after 6 months of medication use.
pre-treatment after 6 months Fig. 8 -Comparison of the evolution in serum concentration of nora-drenaline between the groups using carvedilol or placebo in the pretreatment phase (pre), after 2 months of medication use (>2 months), and after 6 months of medication use (>6 months).
the group using placebo, the mean remained unaltered, around 22% (p=0.0172). In regard to the serum level of noradrenaline ( fig. 8 ), no significant difference between the means of the groups occurred during the study.
Discussion
Our results show that addition of carvedilol to the treatment of patients with heart failure reduces heart rate and improves cardiac function. Despite improvement in cardiac function, however, in the patients selected, we did not notice significant changes in the left ventricular diameters or in serum levels of noradrenaline.
Explanation of the mechanisms of action of carvedilol remains speculative. It is known that carvedilol promotes reduction in cardiovascular mortality, in hospital stay, and in the need to readjust medication 14 due to a probably antioxidant, antiproliferating 11 , and antiarrhythmic 15 beta-and alpha-1-blocking action.
Our study did not show any clinical worsening in any of the groups. In a study of 415 individuals 16 , the patients using carvedilol with heart failure caused by ischemia with an ejection fraction lower than 45% showed a tendency toward worsening functional class compared with the placebo group. Two thirds of the patients, however, maintained their functional classes unaltered during the 6 months of assessment. Our study showed that almost 70% of the patients using placebo remained clinically unchanged during the whole evaluation; in the group using carvedilol, however, 73% of the patients improved their functional classes. Other double-blind randomized studies [17] [18] [19] have shown that, despite the ischemic or nonischemic cause, the patients have a significant improvement in symptoms and functional class with the use of carvedilol as compared with the placebo group. Nevertheless, so far the addition of carvedilol to the treatment of heart failure has not shown significant alterations in the quality of life of the patient with heart failure in the total, physical, and emotional dimensions 20 . In our study, addition of carvedilol to the conventional therapy for heart failure was well tolerated by the patients, even in doses higher than those recommended. The rate of exclusion from the study due to intolerance to the drug was equal in both groups, and only 2 patients on carvedilol did not tolerate a dose higher than 50mg/day. Up to now, a dose higher than 50mg/day has been recommended only for patients weighing more than 75kg 21 . In our study, the mean weight of the patients ranged from 65kg to 70kg. This result allows us to increase the dose of the beta-blocker within the already tested limits, until the best desired effect is obtained.
The 26% reduction in the heart rate observed in the group using carvedilol shows a clear beta-blocking effect. Other studies have also shown a reduction in the heart rate with the use of carvedilol, which ranged from 13% to 30% in the pretreatment phase 16, 18, 22 . The use of a second generation beta-blocker, such as metoprolol, in patients with heart failure, causes a similar reduction in heart rate, even though carvedilol, a third generation beta-blocker, causes additional hemodynamic effects 23, 24 similar to the vasodilators without reflex tachycardia 25 .
Reduction in left ventricular diameters with the use of carvedilol is controversial and may be related to the size of the sample or severity of the disease studied. A study 17 of 49 patients with diverse causes did not show an alteration in left ventricular diameters with the addition of carvedilol to the conventional therapy for heart failure. Another Brazilian study 22 with a small sample of 21 patients refractory to the treatment of heart failure of diverse causes has shown a significant reduction in left ventricular diastolic diameter with the use of carvedilol. A study 16 of 415 patients with heart failure due to ischemia has shown a significant reduction in ventricular diameters after 6 months of carvedilol use. We may not have found a significant reduction in left ventricular diameters because of the size of the sample studied.
In spite of the ventricular diameters, a number of studies 16, 18, 20 have shown an improvement in ventricular function in patients with heart failure treated with carvedilol, as well as hemodynamic improvement, a reduction in peripheral resistance 15 , an improvement in pulmonary capillary wedge pressure 23 , in pulmonary pressure and in systolic volume 16 . Our patients showed an improvement in left ventricular function with a significant improvement in shortening fraction in the myocardial fiber on echocardiogram and improvement in ejection fraction on radionuclide ventriculography, with the association of carvedilol with the conventional therapy of heart failure. Some studies show similar improvement in ventricular performance with the use of carvedilol 17 , even when compared with the group using captopril 21 or even another beta-blocker, metoprolol 22 . Improvement in ejection fraction is also directly related to the dose of carvedilol, being more marked in those patients with a nonischemic cause 19 . Even though we have not observed any significant difference in the serum level of noradrenaline in samples of peripheral blood between the groups using carvedilol or placebo, another study 22 has found a reduction in the concentration of noradrenaline in the coronary sinus in the pre > 6 months > 2 months group using carvedilol as compared with the group using metoprolol. Our results show a tendency toward reduction in the level of serum noradrenaline in a sample of peripheral blood with the use of carvedilol; we believe, however, that the small number of patients and the proportion of standard deviation have not allowed statistically significant results.
Therapeutical agents may interfere with myocardial remodeling and reduce the progression of ventricular dysfunction, if they interfere with myocyte hypertrophy and apoptosis secondary to stress, to the action of angiotensin and of the adrenergic stimulus 26 . Showing that carvedilol reduces heart rate and improves left ventricular function, we may infer that carvedilol works on the process of cardiac remodeling, leading to a better adaptation of the myocardial dysfunction. Briefly, the use of a beta-blocker in heart failure prevents and reverses myocardial dysfunction and remodeling mediated by an adrenergic stimulus 27 . It is believed that the beta-blocker improves cardiac function in patients with chronic heart failure with progressive up-regulation in the depression of myocardial beta-receptors 28 . As limitations of the study, we can cite the small sample of patients and the high rate of exclusion. Our study did not compare the need for reduction in medications, as carvedilol was used in association with other medications. Further studies should assess this need for reducing the medication aiming to avoid polypharmacy and its complications in the treatment of heart failure.
In conclusion, use of carvedilol in doses higher than those recommended associated with the conventional therapy for heart failure in patients with idiopathic dilated cardiomyopathy has resulted in improvement in cardiac function, in spite of the unchanged ventricular diameters, possibly due to interference with the adaptive mechanisms of cardiac remodeling. The tolerance to the drug evidenced allowed us to increase the dose of carvedilol until the desired beta-blocking effect was obtained.
